


Evanescent wave is the property of afiber cable wherein some
part of the electromagnetic wave flowing inside the fiber cable
leaks out of the core and is present in the cladding of the fiber
cable. Evanescent wave is the result of the conservation of
energy at the core-clad interface and decays exponentially
along the radia direction, the value becoming amost zero as
the wave reaches the cladding-surrounding interface. When
the normal passive glass cladding of the fiber cable is replaced
by an active sensitive materia, the energy associated with the
evanescent wave is absorbed by the sensing material and
hence the energy associated with the electromagnetic wave
flowing inside the core of the fiber is reduced. When the
sensor is exposed to a contaminant it interacts with the
contaminant chemically, and causes further change in output.
But this change is in a specific wavelength region which can
be identified as the signature of the contaminant. The main
drawback with this kind of design is that the sensitivity of
such a sensor is very small. The evanescent wave carries at
most 1% of the total energy and the change in that 1% is even
small, typically the change in output due to evanescent wave
based sensors is about 0.02%. On the other hand in case of
Leaky Evanescent wave based sensors, the drop in the output
is considerably large. Figure 2 shows the structure of such a
Sensor.
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Fig. 2 Structure of Leaky Evanescent Wave based Fiber Sensor

In this case, the evanescent wave phenomenon takes place
aong with multiple reflections. When the Rl of modified

cladding is greater than that of the core (N gqad > Noyre) the

electromagnetic wave gets refracted into the modified
cladding but since RI of the modified cladding is more than

that of surrounding (RI of water=1.33<n_.. <N ) light

core mod clad
is reflected back into the modified cladding, again undergoing
refraction and reflection at the modified cladding -core
interface and this process keeps on repeating throughout the
length of the sensing region. Also the absorption coefficient of
the sensing materia causes the intensity of light to decrease
after every reflection which adds to the loss due to refraction.
Figure 2 shows this process for just one light ray, when the
complete electromagnetic spectrum is taken into account the
phenomenon of multiple reflections is considerable.
Considering the above discussion it was decided that the leaky
Evanescent wave based sensor be developed for increased
sensitivity.

4. Optical Property of Polyaniline

The polyanilines refer to a class of different polymers which
can be considered as being derived from a polymer, the base
form of which known as emeraldine base consists of aternate
oxidised and reduced states. The average oxidation state can
be varied continuously from 0 to 1. An oxidation state of 0.5is
known as emeraddine state, the deprotanated form of which
known as emeraldine base is blue in color whereas the
protanated form known as emeraldine salt is green in color.
Emeraldine state polyaniline used in this case as the sensing
material with a Rl of 2.43 in HCl and 1.94in Ammonia, as
found in [11], which are both greater than water. Using the
previous data given in the literature [10], it was estimated that
the minimum and maximum absorption coefficient of
Polyaniline to be around 0.3 um™ when exposed to HCI and
0.6 um™ when exposed to ammonia, respectively. This shows
that 30% and 60% of energy is absorbed by a 14m

Polyaniline layer exposed to HCI and Ammonia respectively.
Emeraldine state Polyaniline polymers are usually prepared by
chemica [10]-[14] oxidation of aniline hydrochloride by
ammonium persul phate. Of interest for development of optical
sensor is the reversible protanation and deprotanation reaction
between the base and salt as seen in Fig.3. This change from

base to salt and back is accompanied by a shift in )Imax from

900nm for HCI to 780nm for ammonia as seen from Fig. 6,
where Friedman s statistica smoothing is done for clarity of
the plot. The change in UV-VIS spectrum characteristics of
Polyaniline when exposed to ammonia and HCl is being used
for detection.
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Fig.4 Characteristic plot of Absorbance as a function of Wavelength
for Polyaniline



5. Preparation of Fiber Optic Sensor
5.1 Preparation of Fiber cable surface

A multimode silica fiber cable, with numerical aperture (NA)
0.22 and diameter 200 £amM/220 taM/240 tam for  core,

cladding and buffer jacketing was used. Required length of the
fiber cable 2 to 5 cmis chosen to be stripped by using the wet
etching technique, where a 50% Sodium Hydroxide (NaOH)
solution is used as the etching reagent. The fiber cable is
dipped into the solution with the temperature maintained at
240°F . The 200 um fiber cable with the cladding thickness
of 20 um is dipped into the solution for 30 minutes after

which only the core is left, hence giving an etch rate of
660nm/min. NaOH solution was used because of the relative
ease of operation compared to standard buffered HF solution.

5.2 Polyaniline Coating

The stripped fiber cable is now introduced into the Polyaniline
solution using a dipping machine for 15 minutes. This process
gives auniform coating of thicknesslessthan 1 m. The

Polyaniline solution is made by mixing two solutions prepared
by mixing 0.777g of Aniline Hydrochloride and 0.1925g of
Ammonium Persulphate in 15ml of water asin[12]. The
Polyaniline layer thus formed is hydrophobic in nature and
hence can be used in water but gradually deteriorates and the
sensitivity of the sensor decreases. Also the polymer layer
reacts with any base or acid that maybe present in water which
makes it less selective. To increase the selectivity and
sensitivity of the polymer sensor athin layer of Polydimethyl
Siloxaneis applied on top of the polymer layer. The fiber

cableisthen air dried at 50 °C for 3 days.
6. Experimental Setup

The experimental setup shown in figure 5 consists of the fiber
optic sensor dong with a light source and spectrometer both
supplied by Ocean Optics, Inc operating in the wavelength
range of 200-1100nm.The light source is a broad band type
with deuterium and halogen light bulbs which operate in the
210-400nm and 300-1500nm range respectively. Data from
the spectrometer is processed using the software Spectrasite
provided by Ocean Optics Inc. A plot of Absorbance vs.
wavelength is plotted where Absorbance is calculated as
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Where, A, , S, ,R,;, D, represent Absorbance at a specific

wavelength, Intensity of electromagnetic wave received at
spectrometer when the sensor is exposed to contaminant,

Intensity of electromagnetic wave received at spectrometer
when the sensor is exposed to DI water, Intensity of
electromagnetic wave received at the spectrometer due to stray
light, respectively. DI water is placed in a container and
placed over a magnetic stirrer as shown in fig.5. To increase
the concentration of ammonia in the container ammonia is
added from top and thoroughly mixed using the stirrer; this
gives a uniform sample of required concentration.

Fig. 5 Experimental Setup

Also the container is aways kept closed to avoid any escape

of ammoniavapors. The fiber sensor is passing through the
container immersed in the sample hence its detecting ammonia
in water at various concentrations.

7. Results

Fig. 6 shows the plot of Absorbance as a function of
wavelength for various concentrations of Ammonia. Plot A
was taken with the sensor in DI water. While preparation of
the ammonia sensor a small amount of 0.1M HCI is added to
the solutions used to prepare Polyaniline, this makes sure that
the polymer sensing region isin Emeraldine Salt form which
isgreenin color. This can be observed from the dip in the
absorbance curve of plot A a 530nm which belongsto the
green region of visible spectrum.






